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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This documerit has been translated by computer. So the translation nnay not reflect the original 
precisely. 

2, ^*^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The input circuit where the bidirectional mold level-conversion circuit was prepared 
between the signal input terminals and input edges into which the signal from the outside is 
inputted, Between th^ signal input/output terminals and I/O edges whrch output and input the 
signal to the exterior from the outside in the output circuit list by which the bidirectional mold 
level-conversion circuit was prepared between the signal output terminals and outgoing ends 
which output the signal to the exterior The semiconductor integrated circuit characterized by 
including any one or more of the I/O circuits in which the bidirectional mold level-conversion 
circuit was established. 



[Translation done.] 
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* NOTICES*. 
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precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor integrated circuit which 
operates by the internal signal of the amplitude smaller than the amplitude of an external signal 
especially about a semiconductor integrated circuit. 
[0002] 

[Description of the Prior Art] In recent years, in the semiconductor integrated circuit (it is 
henceforth described as an integrated circuit), the integrated circuit which detailed-ization of 
components including a transistor is recommended to altitude, and supply voltage is made lower 
than before in connection with this as one of the means for improvemerit in the speed, 
densification, and low electrification, for example, operates with 3V power source is realized. The 
circuit diagram of an example of a signal input part used for this kind of integrated circuit js 
shown in drawing 3 (a). If drawing 3 (a) is referred to, this signal input part consists of two 
resistance R1 and R2 by which the series connection was carried out between the buffer 
inverter 1, and the signal input terminal 2 and a grounding conductor 3. and the series- 
connection point of resistance and the input edge of the buffer inverter 1 are connected. And 
the supply voltage of this integrated circuit is lower than the supply voltage used for the usual 
integrated circuit, for example, it is 3V. and the level of the internal signal SI outputted to the 
internal circuitry (not shown) of an integrated circuit from the buffer inverter 1 is 3V. On the 
bther hand, the signal level of the input signal VIN from the outside is higher than an internal 
signal, for example, is 5V. In this integrated circuit, in order not to carry out the direct input of 
the high electrical potential difference of the input signal VIN inputted into the signal input 
terminal 1 from the outside to the gate electrode of the transistor which constitutes the buffer 
inverter 1 . the level conversion is carried out to 3V from 5V in the series circuit of resistance R1 
and R2. 

[0003] Moreover, the circuit diagram of an example of a signal output part used for the 
conventional semiconductor integrated circuit is shown in drawing 3 (b). If drawing 3 (b) is 
referred to, this signal output part consists of two resistance R3 and R4 connected to the serial 
between the buffer inverter 4. and an output terminal 5 and a grounding conductor 3, and the 
outgoing end of the buffer inverter 4 and the serial node of a resistance circuit are connected. It 
, is reversed with the buffer inverter 4 and the signal SO from the internal circuitry (not shown) of 
an integrated circuit is outputted to the signal output terminal 5 through the serial node of 
resistance.. A signal output terminal is connected to an external bus line (not shown) etc.. and 
the signal of 5V is treated in this bus line. The level conversion is carried out in the series circuit 
of resistance so that it may not join directly the transistor to which the electrical potential 
difference of an external signal higher than the level of an internal signal constitutes the buffer 
inverter 4 from this signal output part. 

[0004] : 

[Problem(s) to be Solved by the Invention] In the conventional integrated circuit mentioned 
above, resistance division is performing the level conversion of close and an output signal for 
every signal input terminal or signal output terminal. However, since there is a limit in the 
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magnitude of resistance realizable practical on an integrated circuit, it is not avoided that power 
consumption becomes large. Moreover, since a resisted part joins a signal transduction path, 
time amount will become large the transfer lag total of a signal. It becomes remarkable and such 
a problem spoils the effectiveness of low-power-izing by having low-battery-ized supply voltage, 
and improvement in the speed, therefore the number of signals which the magnitude of an 
integrated circuit becomes large, and is outputted and inputted increases. 
[0005] It aims at offering the semiconductor integrated circuit of low supply voltage which can 
change the level of an external signal, without making this invention in view of the trouble in the 
above conventional semiconductor integrated circuits, and being accompanied by buildup of time, 
amount buildup of power consumption, and a signal transfer lag total. 
[0006] 

[Means for Solving the Problem] The input circuit where the bidirectional mold level-conversion 
circuit was prei3ared between the signal input terminals and input edges into which, as for the 
semiconductor integrated circuit of this invention, the signal from the outside is inputted. 
Between the signal input/output terminals and I/O edges which output and input the signal to 
the exterior from thej»outside in the output circuit list by which the bidirectional mold level- 
conversion circuit was prepared between the signal output terminals and outgoing ends which 
output the signal to the exterior It is characterized by including any one or more of the I/O 
circuits in which the bidirectional mold level-conversion circuit was. established 
[0007] 

[Example] Next the suitable example of this invention is explained with reference to a drawing. 
Drawing 1 (a) is the circuit diagram of the signal input part of the 1 st example of this invention. If 
drawing 1 (a) is referred to. the buffer inverter 1 consists of a series circuit of the PMOS 
transistor P1 and the NMOS transistor N1 in this example. The electrical potential difference 
VDD of the high order power-source line 6 is 3V, Between common gate electrodes and signal 
input terminals 2 of two MOS transistors, the NMOS transistor TG of the transfer gate for level 
conversions is connected, and the high order supply voltage VDD is given to the gatb electrode 
of this transistor. 

[0008] if the gate voltage VGI impressed to the gate electrode of MOS transistors PI and Nl of 
the buffer inverter 1 sets gate voltage of MOS transistor TG of the transfer gate to VGG (= 
VDD) in drawing 1 (a) and sets the signal level of VT and an input signal VIN to VIN for a 
threshold electrical potential difference, when the input signal VIN from the outside is inputted 
into the signal input terminal 2 ~ the time of VGG-VT <VIN ~ VGI=VGG-VT =VDD-VT it is . 
Moreover, it becomes VGI=VIN at the time of VGG-VT >VIN. 

[0009] Now. temporarily, gate voltage VGG of the NMOS transistor TG of the transfer gate is set 
to 3V, and it is the threshold electrical potential difference VT. If 1.0V. the direct-current 
transfer characteristics of the transfer gate at this time will turn into a property as shown in 
drawing 1 (b). According to dr awing 1 (b), when input voltage (signal level VIN of the input signal 
from the outside) is less than [ 2V ], output voltage (gate voltage VGI of MOS transistors PI and 
Nl) is equal to input voltage, and input voltage serves as a value with output voltage fixed 2V 
more than by 2V. 

[0010] Here, the value (=2V) of input voltage in case output voltage is fixed (=2V) in drawing 1 
(b) is the threshold electrical potential difference VT of the NMOS transistor TG of the transfer 
gate. It is decided. Therefore, it is the threshold electrical potential difference VT of the NMOS 
transistor TG of the transfer gate by not performing a channel dope to the MOS transistor of the 
transfer gate, but giving a channel dope to the other MOS transistor in the production process of 
an integrated circuit. It is made about 0 V, and the other threshold electrical potential difference 
of an MOS transistor can be set as predetermined values, such as 1.0V, and can be made into 
the value of a request of the amplitude of the input signal of the buffer inverter 1. The direct- 
current transfer characteristics of the transfer gate when setting the threshold electrical 
potential difference of the NMOS transistor TG to OV come to be shown in drawing 1 (c), and 
the signal of the amplitude of 0-3V is inputted into the buffer inverter 1 in this case. 
[0011] Although it attached and stated in the 1st example explained above when this invention 
was applied to the signal input part of an integrated circuit, this invention is applicable also to a 
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signal output part like the 2nd example described below. Drawing 2 (a) is the circuit diagram of 
the 2nd example of this invention. Reference of this drawing forms the NMOS transistor TG of 
the transfer gate in this example between the outgoing end of the buffer inverter 4 which 
consists of a PMOS transistor and an NMOS transistor, and the signal output terminal 5. The 
gate electrode of the NMOS transistor TG is connected to the high order power-^source line 6. 
The signal output terminal 5 is connected to the bus line (not shown) of the signal of SV system. 
In this example, if the signal from a bus line is judged an input signal, the direct-current transfer 
characteristics during the I/O as the transfer gate will turn into the same property as drawing 1 
(a) and (b). Since the upper limit of an output signal (signal to the outgoing end of the buffer 
Inverter 4) Is restricted by this, it does not join directly the drain of an MOS transistor with . 
which the high electrical potential difference of the signal of 5V external system constitutes the. 
buffer inverter 4. 

[0012] This invention is not used only for a signal input part or a signal output part, and the 
buffer inverter of an input side and the buffer inverter of an output side can also use a signal for 
close and the signal I/O section of a configuration of outputting through one signal input/output 
terminal like the 3rd gxample described below. Drawing 2 (b) is the circuit diagram of the 3rd 
example of this invention. Reference of drawing 2 (b) connects the end of the NMOS transistor 
TG of the transfer gate to the signal input/output terminal 7 in this example. The input edge of 
the buffer inverter 1 of an input side and the outgoing end of the output side buffer inverter 4 
are connected to the other end of this NMOS transistor TG. In addition, the logical circuit 8 
connected to the MOS transistor which constitutes the output side buffer inverter 4 is 
controlled by the enable signal EN from the interior of an integrated circuit, and controls whether 
the internal signal SO is outputted from the output side buffer inverter 4, or the signal from the 
outside to the signal input/output terminal 7 is transmitted to the interior of an integrated circuit 
as a signal SI through the input-side buffer inverter 1 by making the outgoing end of the output 
side buffer inverter 4 into a hi-z state. In this example, although the electrical potential 
difference of the signal of 5V system joins a signal input/output terminal, this high electrical 
potential difference does not join the input-side buffer inverter 1 or the output side buffer 
inverter 4 directly. 

[0013] In the above example, direct-current-power consumption is about 0. Moreover, since the 
switching time of the transfer gate only increases about the transfer lag total of a signal, 
compared with the conventional integrated circuit, it is advantageous. For example, in the signal 
input part of the conventional semiconductor integrated circuit shown in drawing 3 (a), it has 
about 0.5ns and a high speed in the 1st example shown in drawing 1 (a) to time amount being 
about 7ns the signal transfer lag total at the time of setting resistance R1 to lOkohm, and 
setting parasitic capacitance to IpF. 
[0014] 

[Effect of the Invention] As explained above, the semiconductor integrated circuit of this 
invention The input circuit where the bidirectional mold level-conversion circuit was prepared 
between the signal input terminals and input edges into which the signal from the outside is 
inputted, Between the signal input/output terminals and I/O edges which output and input the 
signal to the exterior from the outside in the output circuit list by which the bidirectional mold 
level-conversion circuit was prepared between the signal output terminals and outgoing ends 
which output the signal to the exterior Any one or more of the I/O circuits in which the 
bidirectional mold level-conversion circuit was established are included. 
[0015] According to this invention, in a semiconductor integrated circuit with small signal 
amplitude with low supply voltage, the power consumption in the level-conversion circuit for 
making it the high electrical potential difference of an external signal not join close and the 
buffer inverter of an output directly can be cut down from this. And time amount can be made 
small the transfer lag total of a signal. 



[Translation done.] 

http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web„cgi_eije 



2006/06/07 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

I^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 
P^URRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□iLINlES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



